As a part of a comparative study of plant and animal photoreceptor structures we have been investigating the spectral response and structure of the compound eye of the insect Drosopldla melanogaster (14) . The compound eye of Drosophila is composed of approximately 700 ommatidia with each ommatidinm consisting of seven retinula cells radially arranged forming a cylinder. Each retinula cell has a differentiated structure, the rhabdomere. Since the earliest investigations (5, 6) the rhabdomeres have been considered the "light trapping" area where the visual process is initiated. In three eye color mutants, scarlet, wild-type red, and white, we have found that the action or effectiveness spectrum is indicative of a pigment absorbing at 508 m~, similar in absorption spectra to the visual complexes found in the vertebrate photoreceptors, but not similar in absorption spectra to any of the eye pigment extracts isolated from these mutants (14). We have assumed that the extractable pigments are from the sheath of pigment cells surrounding each ommatidium and that the action spectrum is indicative of a "visual" pigment, not as yet isolated or identified, residing within the rhabdomeres. Recent electron micrographs of the ommatidia in the house fly (3) as well as our own electron microscopic studies indicate a general "fine structure" within the rhabdomeres not too unlike the vertebrate retinal rods and cones (2, 7, 12, 14) . We have, from the electron microscopic and pigment studies of a variety of photoreceptors, hypothesized a general geometrical fine structure for a photoreceptor in which the pigment molecules are oriented as monolayers at the aqueous protein and lipoprotein interfaces and are complexed with proteins or lipoproteins (12-14). In addition, Drosophila exhibits orientation relative to the direction of vibration of polarized light. The sensitivity to plane polarized light suggests the existence of a polarized light analyzer within the eye (9,
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It is with these considerations in mind that we have attempted by electron microscopy a structural analysis of the retinula to better understand its functioning within the ommatidium.
Experimental Methods
Scarlet (st), wild-type red (Canton special) and white (w) eyed adult Drosophila mdanogaster were used in these studies. All flies were grown on cream of wheat-molasses medium (8) in a temperature-controlled room, 25 ° 4-2°C. The flies were decapitated (under a binocular microscope using a fine scalpel) and the heads immediately fixed in 1 per cent osmium tetroxide buffered with acetate-veronal to pH 7.5. Fixation was carried out for 4 hours, dehydration was in ethanols, and the specimens were embedded in n-butyl methacrylate polymerized at 45°C. overnight. The best fixation was obtained when the flies were collected and fixed within 4 hours after they had emerged from the pupae case. Sections, using fractured-glass knives, were cut of the order of 500 to 800 A thick as could be determined from their interference colors, on a Porter-Blum microtome, for electron microscopy. No orientation of the ommatidia with respect to the angle of cutting could be achieved and therefore all sections were cut at random. All sections studied were examined in a Philips EM 100 electron microscope.
OBSERVATIONS
All of the Drosophila eye mutants studied by electron microscopy were found to have an ommatidium consisting of seven centrally located rhabdomeres, seven adjacent retinula cells, a distal cone and lens, and a sheath of pigment cells which extend the entire length of each ommatidium (14) . The pigment sheath was not found in the white eyed (w) mutant. A longitudinal section of an ommatidium is illustrated in Fig. 10 a and diagramed in Text- fig. 1 a. Figs. 1 to 10 are electron micrographs, illustrating some of our observations of the retinula cells, particularly the fine structure within the rhabdomeres.
In cross-section ( Fig. 1) , the seven retinula cells are radially arranged, each having a medial portion extending toward the center of the ommatidium and terminating in a dense, circular rhabdomere. The rhabdomeres are situated in a relatively clear central cavity which is probably filled with a fluid. Each rhabdomere is distinct with respect to the retinula cell, there being a finely differentiated line of attachment between the rhabdomere and retinula cell. Fig. 2 represents at higher magnification, the central cavity and complete rhabdomere complement of another ommatidium cut in cross-section. A definite lamellar "fine structure" is observable within each of the rhabdomeres. This structure, also seen at a higher magnification in (c). Three-dimensional oblique section (X--X) through the ommatidium.
(d). Three-dimensional section of a rhabdomere. Two sides are cut away producing (1 and 3) a lamellar structure and (2) a hexagonal structure.
tubules, that are closely packed and extended away from the retinula cell toward the center of the ommatidium.
In all cross-sections the lamellar pattern is found, while a reticular struc-ture, not seen in cross-sections, is found in some oblique and longitudinal sections of the rhabdomeres. The reticular structure is seen in Fig. 4 to consist of a uniform framework of dense bands and less dense interspaces. The dense bands measure ~-d00 A in thickness and the circular interspaces are ~400 A in diameter. Rhabdomeres which show the reticular structure have no differentiated line of attachment to the retinula cell. A combination of the reticular and lamellar structures are also observed and illustrated in R1 of Fig. 6 and R3 of Fig. 7 . In this lamellar-reticular structure, the less dense interspaces are slightly elongated and arranged in parallel rows with the denser area between each row being almost continuous from one side of the rhabdomere to the other and giving the rhabdomere a faintly lamellar appearance.
In oblique sections ( Fig. 3 and Text- fig. 1 c) the ommatidium presents an elliptical outline, and a characteristic distribution of the fine structural detail is observed. Those rhabdomeres which have their line of attachment more nearly parallel to the longest diameter of the ellipse have the lamellar pattern of fine structure while those rhabdomeres attached at the ends of the longest diameter, having their line of attachment more nearly parallel to the shortest diameter of the ellipse, have the reticular pattern of fine structure, as illustrated in Fig. 8 , an extremely oblique section. Similar structures are observed in longitudinal sections (Figs. 6 and 7) . The central rhabdomere in these sections has no laterally attached retinula cell and shows the reticular network, while the rhabdomeres on either side of it have the lamellar or lamellar-reticular structure. Rhabdomere R8 in Fig. 6 has a lamellar stlucture and a differentiated line of attachment to the retinula cell, while rhabdomeres R1 and R2 illustrate lamellar-reticular structure without a differentiated line of attachment.
All rhabdomeres measured averaged 60 u in length and 1.2 # in diameter. The number of dense bands per rhabdomere averaged 23 per micron with an average thickness of 120 A.
DISCUSSION
The lamellar and reticular fine structures within the rhabdomeres of a single ommatidium, at first suggest the presence of two different structures within the rhabdomeres. However, the consistent occurrence in cross-sections, oblique sections, and longitudinal sections, regardless of the orientation of the eye with respect to the plane of cutting, indicates a single geometrical structure which produces two different general patterns in thin section depending entirely upon the orientation of the individual rhabdomere with respect to the plane of cutting. The fact that the dense bands and less dense interspaces are of the same order of magnitude in both the lamellar and the reticular design suggests a single structural packing. Each rhabdomere as indicated by these observations appears to consist of double membrane tubes ~500 A in diameter that arise at the medial border along the entire length of the retinula cell and project toward the center of the ommatidium. The tight packing of these tubes or rods produces a roughly hexagonal structure (Text- fig. 1 d and Fig. 10 d) . Those planes of cutting which are parallel to the plane of projection of the rods or tubes give a lamellar structure, while the planes of cutting which intersect the rods or tubes obliquely or perpendicularly give a reticular or lamellar-reticular structure.
A cross-sectional cut through the ommatidium produces the lamellar pattern in all the rhabdomeres since this plane of cutting is parallel to the rods or tubes in all the rhabdomeres. However, a cut which passes obliquely through the ommatidium is only palallel to those tubes which are parallel to the shortest diameter of the ommatidium, while it is oblique to all other tubules. This differential effect of the plane of cutting in oblique sections is responsible for the characteristic distribution of structural design ( Fig. 3 and Text- fig. 1 c) . A similar differential effect in longitudinal sections is produced where the plane of cutting intersects perpendicularly the rods or tubes of the central rhabdomere, while it is less than perpendicular and sometimes even parallel to the rods or tubes of the other rhabdomeres (Figs. 6 and 7) . A three-dimensional section of a rhabdomere was constructed from the electron micrographs (Fig. 10 d) by fitting together three surfaces to illustrate a single structural unit of packed rods as schematically diagramed in Text- fig. 1 d. This "fine structure" for the rhabdomere was found in all three of the eye mutants studied.
The rhabdomere is a layered structure with at least two surfaces available per layer, and if we assume that the pigment molecules are carotenoids packed as monolayers at the interfaces (between the dense lipide and less dense protein layers) within the rhabdomeres as in the retinal rods and chloroplasts (12) (13) (14) (15) , then from the average length, diameter, and the number of layers, the concentration of pigment molecules per layer or per rhabdomere can be calculated. The calculated value for the number of pigment molecules is HI X 109 for a single rhabdomere. This pigment concentration is similar in order of magnitude to that experimentally determined for the retinal rod and chloroplast in a variety of animal and plant photoreceptors (4, 11, 12, 14, 15) .
Investigations on the electric potential of the compound eye exposed to polarized light indicate that neither the whole eye nor a single ommatidium acts as the analyzer (1). The rhabdomere, as we have described it, is the only structural unit found in the compound eye which has a parallel rather than a radial symmetry in cross section. The radial arrangement in the ommatidium of such radially unsymmetrical units (rhabdomeres) suggests very strongly a relationship to the analysis of polarized light in the insect eye.
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SUMMA.RY
The eyes of three eye mutants of Drosophila melanogaster were fixed and thin sections studied for its structural detail in the electron microscope. Each ommatidium was found to have seven retinula cells with an equal number of rhahdomeres (visual units). The rhabdomeres average 1.2 ~ in diameter and 60/~ in length. Each rhabdomere consists of osmium-fixed dense bands averaging 120 A in thickness, and with less dense interspaces 200 to 400 A. There is an average of 23 dense bands or 46 interfaces per micron within the rhabdomere. The rhabdomere as we have presented it is a single structure of packed rods or tubes. The "fine structure" within the rhabdomere is similar to that observed by electron microscopy for the retinula of the house fly, and to the retinal rods of the vertebrate eye, and to the chloroplasts of plant cells in a variety of animal and plant photoreceptor structures. Ill addition, the radial arrangements within the ommatidium of radially unsymmetrical units, the rhabdomeres, is probably related to the analysis of polarized light in the insect eye. The one retinula cell contains a large nucleus (n) characteristic of sections near the base of the ommatidia. X 10,500.
F~G. 2. Cross-section near the base of an ommatidium at higher magnification showing the lamellar structure in each rhabdomere and a finely differentiated line of attachment between the rhabdomere and the retinula cell R1 to RT. )< 22,500. 
